For 3 months, 259 cultures of Pseudomonas aeruginosa isolated from nonpatient environmental sources and 262 cultures from 16 infected patients in the Intensive Care Unit (ICU) of Shriners Bums Hospital were typed by a combined system with a high degree of reliability. Sinks were major sources of environmental contamination. Serotypes 1 and 2 were the predominant types found in patients, and they were most prevalent among typable strains from sinks. Strain designations were made on the basis of similarities in data from serological and phage typing. All nontypable strains were typed by pyocin production. Two infected patients carried different strains of P. aeruginosa that remained the same type for 45 days, even though their beds in ICU were approximately 6 feet apart. Cross-contamination from patient to patient and spread of infection by nursing personnel were eliminated as major modes of transmission because nasopharyngeal swabs, hair samples, and hands of nursing staff were consistently negative. Splashing of water from contaminated sinks to fomites was suggested as a possible mode of transfer for this infectious agent.
In recent years, a great deal of progress has been made in the management of Pseudomoras burn wound sepsis (3, 8, 11, 13) , but very little is known about sources and modes of transmission for Pseudomonas aeruginosa in the hospital environment. This is due, in part, to lack of a standardized typing method for strain differentiation. In a previous report (6) , we demonstrated that serological, phage, and pyocin typing could be combined into a sensitive epidemiological tool for the intraspecific differentiation of P. aeruginosa with great reliability. In this article, we show the usefulness of this combined typing system in a prospective study. Ohio. Acetamide medium (7) was used to select P. aeruginosa from a variety of sources. Two samples per week were taken from counter tops, nurses' hands, sinks, whirlpools, nebulizers (when in use), bed rails, toys, and shoe covers. In addition to these samples, which were taken by contact or a swab, air samples were taken from different locations in the ICU, for 20 min twice each week, with a TDL Particle Slit Sampler (Scientific Products, Evanston, Ill.). Random samples were taken from miscellaneous sources, including one nasopharyngeal swab and a single strand of hair from forty-five members of the nursing staff.
MATERIALS AND METHODS
Patient cultures. During this 3-month period, all cultures of P. aeruginosa isolated from infected patients were obtained from the Clinical Microbiology Laboratory, Shriners Burns Institute.
Strain identification. Cultures of P. aeruginosa from patients and environmental sources were typed by serology and phage in the combined system as described in the previous report (6 G.L. When this study was initiated, four patients were infected with P. aeruginosa (Fig. 1) . One of them (T.J.) was only sporadically infected, and two others (D.W. and D.R.) had cultures positive for P. aeruginosa for 20 and 45 days, respectively. The fourth patient (S.C.) was positive throughout the study. Our combined system typing data indicated that patients D.R. and S.C. had populations of P. aeruginosa that were of different strains. This is significant because both patients were housed in close proximity to each other, and both patients were highly infected. Cultures from both patients were representative and included samples from burned wounds, urine, and body surfaces, but their strains of P. aeruginosa remained monospecific by serological and distinctly different by phage typing. Cross-contamination was ruled out for these two patients during this period. presence or absence of one reaction in a phage pattern, phage data were used to support serological differentiation of cultures. In April 1971, two patients (S.C. and J.K.) had 39 cultures that were serotype 2 and one nontypable culture. Among these cultures, 24 had identical phage patterns, 24/(188/1); 12 others had a phage pattern that differed by only one phage, 24/119X/(188/1); and three were nontypable by phage. On the basis of similarities in typing data for the combined system as previously described (6) , these 39 cultures are considered to be identical. In contrast, one patient (V.T.), during June 1971, had three cultures that were serotype 1, one serotype 2 culture, and 9 nontypable cultures. Among these 13 cultures, five different phage patterns were obtained. Because of differences in serotypes and phage patterns, one patient (V.T.) was considered to be infected with a mixed population of P. aeruginosa. Self-contamination from P. aeruginosa in the gastrointestinal tract is a possibility, but we did not study fecal carriage among patients. Therefore, subsequent isolations of this organism from stools may represent either fecal carriage or fecal contamination. A range of 3 to 29% has been reported for the incidence of fecal carriage for P. aeruginosa (2, 12, 14, 16, 17) , but the status of this organism as a member of the normal microflora in healthy subjects remains questionable (5, 15 Because of variation among phage patterns, our findings were not conclusive, but we suggest that environmental reservoirs may serve as a source from which patients are contaminated. As a result of the constant interaction between personnel, patients, fomites, and sinks, splashing of water may serve as a "ping pong" type of indirect contamination of patients in the hospital environment. This hypothesis deserves further testing. Kohn (9, 10) proposed sterilization of sink drains by heating water with steam or an immersion heater. In this hospital, Maley (unpublished data) obtained preliminary data which suggest that sink drains can be sterilized for 24 hr by treatment with formaldehyde.
A combined typing system has been demonstrated to be highly sensitive and reliable for studying the epidemiology of P. aeruginosa. Serological typing is a useful tool when used separately, but when used in conjunction with phage typing, the combined system is more discriminating, and it increases the reliability of strain identification. Subsequently, when nontypable cultures were typed by the pyocin production, a label could be attached to 100% of the cultures. Similar approaches have been used recently by others (4, 16) .
The predominant strains that we detected may be common to this geographical location, or they may represent organisms that are highly resistant to antibacterial agents and other prophylactic measures. In this hospital, patient mortality has decreased significantly since the introduction of a vaccination program with a polyvalent Pseudomonas vaccine (1) . ACKNOWLEDGMENT This investigation was supported by Public Health Service training grant AP-00001 from the National Air Pollution Control Administration.
